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Summary 
The Flight Management Computer (FMC) and 
its interface, the Multi-function Control and 
Display Unit (MCDU) have been identified by 
researchers and airlines as difficult to train 
and use. Specifically, airline pilots have 
described the “drinking from the fire-hose” 
effect during training. Previous research has 
identified memorized action sequences as a 
major factor in a user’s ability to learn and 
operate complex devices. 

This paper discusses the use of a method to 
examine the quantity of memorized action 
sequences required to perform a sample of 
102 tasks, using features of the Boeing 777 
Flight Management Computer Interface. The 
analysis identified a large number of 
memorized action sequences that must be 
learned during training and then recalled 
during line operations. Seventy-five percent 
of the tasks examined require recall of at least 
one memorized action sequence. Forty-five 
percent of the tasks require recall of a 
memorized action sequence and occur 
infrequently. The large number of memorized 
action sequences may provide an explanation 
for the difficulties in training and usage of the 
automation. Based on these findings, 
implications for training and the design of 
new user-interfaces are discussed. 

Introduction 
Investigations into modem flight-deck 
operations have identified the complexity of 
training and using functions provided by the 
Flight Management Computer (FMC) and it’s 
the Multi-function Control and Display Unit 
(MCDU). Pilots described the experience of 
learning to use this automation as “drinking 
from a fire hose” (BASI, 1999; page 38), and 
only achieve skilled and efficient use of the 
system after 12 to 18 months of line 
experience (Polson, et al., 1994). Several 
studies and surveys of pilots have consistently 
revealed that pilots have difficulty in using the 

features of the MCDU during line operations 
due to gaps in their knowledge (Mumaw, et. 
al. 2000; ATA 1999; FAA 1996; Feary et al. 
1998) and cite the need for more training 
(ATA, 1999a, BASI 1999; page 38). 

Issues with training and using the FMCMCDU 
have been attributed to the lack of a detailed 
conceptual understanding of how traditional 
pilot tasks are performed by the FMSMCDU 
(Sarter & Woods, 1992; Bobbitt, 2001). Other 
researchers have discussed the awkward layout 
of the keyboard (Sarter & Woods, 1994), the 
number of pages and features (Billings, 1997), 
the complexity of navigating through the 
hierarchy of pages (Abbott, 1997), and the 
inefficiencies in inputting data (Casner, 1994). 

Whereas all these phenomena contribute in 
varying degrees to the perceived complexity 
of the device, there is mounting evidence 
(Wharton et al., 1994, Franzke, 1995, Irving et 
al., 1995, Anderson et al., 1998, Soto, 1999) 
that the number of memorized action 
sequences that must be learned and then 
recalled during high-tempo, safety critical 
line-operations is a prime determinant of the 
ease of training and operation. 

This paper describes an analysis of a sample 
of 102 airborne tasks that can be performed 
using functions supported by the MCDU as 
described in a standard B777 FMS Pilot’s 
Users Guide (Honeywell, 1995). The analysis 
identified a large number of memorized 
action sequences that must be learned during 
training and then recalled during line 
operations. Seventy-five percent of the tasks 
examined require recall of at least one 
memorized action sequence. Forty-five 
percent of the tasks require recall of a 
memorized action sequence and occur 
infrequently. This dependence on memorized 
action sequences provides a possible 
explanation for the difficulties in training and 
usage of the automation. Based on these 
findings, implications for training and the 
design of new user-interfaces are discussed. 



Pilot-Automation Interaction 
Performance 
Human-automation interaction can be 
modeled by a two-way communication 
between operator and automation (Billings, 
1997). The operator communicates intentions 
to the automation using input control devices 
on the user-interface. The automation 
acknowledges pilot commands and provides 
feedback of its commanded behavior and the 
changes in the environment over time through 
the user-interface. The interaction with the 
automation (and much other human behavior) 
is considered to be a continuous process of 
cyclic interaction (Monk, 1999) that is the 
basis for all modem models of cognition (e.g. 
Card, Moran, & Newell’s (1993) recognize- 
act cycle, Norman’s (1998) seven stage cycle, 
and Anderson’s (1998) ACT-R model). In the 
case of the aircraft automation, triggering 
events in the environment (e.g. ATC 
instruction) cause the pilot to formulate tasks 
that are performed using functions supported 
by the automation. Commands from the 
automation modify the airplane trajectory (or 
other airplane system states) that leads to 
changes in the environment, that trigger new 
events, that lead to the formulation of new 
tasks, and so on. 

The RAFIV Method for Decomposing 
Automation Tasks 
The formulation of a task by a pilot in 
response to an external triggering event and 
the sequence of pilot actions to command the 
automation can be modeled using a series of 
five stages (Sherry, et al., 2002). The RAFIV 
method is illustrated in Figure 1. 

1. Reformulate the task into a definition of 
the function (or feature) of the 
automation that will be used, and the data 
defined by the task (Palmer et al., 1992). 
For example, an ATC clearance direct to 
waypoint can be executed using the 
DIRECT TO feature of the MCDU. In this 
example, the waypoint is the data that 
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must be entered. To complete the task, the 
pilot will need to have waypoint 
information available (in this case the 
waypoint information is provided in the 
ATC clearance). 

Once a description on how to use the 
automation has been defined, the pilot must 
perform actions to transfer the description to 
the automation via a sequence of actions. 
These actions have been divided into three 
steps by Polson, Irving, Irving (1995). 

2. 

3. 

4. 

Access the right user-interface by physical 
actions that must be taken on the user- 
interface to display the fields for data 
entry by selecting MCDU mode keys 
and/or navigating the hierarchy of pages 
on the MCDU. 

Format data for entry according to the 
formats accepted by the MCDU pages. 
For example, the entry of a lateral route 
offset on the MCDU is <Side L or 
R><distance in nm.>. Most formatting 
takes place while typing entries into the 
scratchpad. 

Insert data in the correct location. For 
example Line Select keys on the MCDU 
used to select items and insert data typed 
into the scratchpad. 

The format and insert stages maybe repeated 
several times for multiple entries (e.g. Hold 
page). 

Verify & Monitor that the automation: (1) 
accepted the pilot entry, (2) is performing the 
intended task within the envelope of 
acceptable performance, and (3) the task is 
satisfying the mission goals (Fennell, 2002). 
This step involves scan and intensive scrutiny 
of the PFD, ND, and MCDU. 

Pilot Performance Executing RAFIV 
steps. 
Each of the stages of the RAFIV model are 
performed by the pilot by some combination 
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Figure 1. Pilot's Cognitive Task Steps. 

of: (1) recalling the appropriate action 
sequence from long-term memory, and by (2) 
recognizing the appropriate action sequence 
from salient visual cues in the environment 
(e.g. button label or prompt on the user- 
interface). 

Pilot Performance during Line Operations 
Studies of office automation found that 
infrequent tasks that are not prompted by 
salient visual cues exhibit a less than 50% 
probability of being completed (Franzke, 
1995; Soto, 1999). Aircraft automation tasks 
that are frequently performed by recall of 
memorized action sequences become so over- 
learned that they become rote and are 
completed properly approaching 100% of the 
time. Infrequent tasks that are prompted by 
salient visual cues (e.g. labels) rely on 
recognition of the appropriate action and are 
also completed properly close to 100% of the 
time. Tasks pegormed infrequently (less than 

once a month), that rely on the recall of 
memorized action sequences (i.e. no salient 
visual cues), are likely to be forgotten by 
pilots, and lead to the perceived complexity in 
operating the MCDWFMS. 

Pilot Performance during Training 
The training of pilots to operate FMC systems 
involves the memorization of action sequences 
for each stage of each task. The ability to 
recall memorized action sequences is created 
through training by creating appropriate 
knowledge structures in long-term memory. 
This skill can only be developed through drill 
and practice. Visual cues, such as labels and 
prompts on the user-interface play a big role 
in speeding up the process of memorizing 
action sequences for  the MCDU. Data from 
the study of office automation shows that 
training tasks without visual cues (e.g. labels, 
prompts) can take 2 to 10 times longer to 
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reach competence, than training tasks with 
visual cues (Wharton et al., 1994). 

Summary 
Tasks that rely on memorized action 
sequences (not recognition of visual cues) are 
error prone and require more time to master 
during training. Tasks that occur infrequently 
and rely on the recall of memorized action 
sequences are subject to failure due to the 
failure to recall the correct action sequence. 

The purpose of this study is tn analyze tasks 
performed by the F’MCMCDU to determine 
the degree of reliance on memorized action 
sequences. An overwhelming reliance on 
memorized action sequences accounts for 
some of the difficulties in training and using 
the automation experienced by airline pilots. 

Method of Analysis 
A sample of 102 airborne tasks defined in the 
Honeywell B777 Pilots Guide (Honeywell, 
1995) were analyzed. Each mission task was 
described using the 5 stage RAFIV model. 
Each task was classified as Frequent or 
Infrequent. Each RAFIV step of the task was 
classified as Recall or Recognition based on 
the existence of salient visual cues to aid in the 
performance of the step. A step without any 
visual cue was designated as requiring the 
recall of memorized action sequences. 

Task Selection 
The tasks used in the analysis were MCDU 
tasks defined in the B777 Pilots Guide 
developed by Honeywell (Honeywell, 1995). 
Since this manual is a “system description,” 
the tasks were culled by parsing the manual 
section by section and pulling out descriptions 
that were associated with the pilot performing 
tasks using the MCDU. Only airborne 
operations tasks were included. 

Team 
The tasks were classified and analyzed to 
criteria by the team of authors that included; 
one flight instructor at a major U.S. airline 
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with 16 years experience, one senior cognitive 
scientist with over 40 years experience, one 
twin jet-engine rated pilot who is also a human 
factors researcher with 10 years of experience, 
and one avionics design engineer with 18 
years experience designing these systems. All 
classifications of the tasks were made by 
concurrence of all parties. 

Criteria for Classification of 
RecalYRecognition for each RAFIV Step 
The RAFIV steps described each FMSMCDU 
task. Each RAFIV step was catalogued as 
either requiring recall of memorized action 
sequences, or using recognition of visual cues 
on the automation. 

A reformulate step was classified as a 
recognition stage if the user-interface 
provided a visual indication that the task: 

1. could be performed using a feature the 
automation (and not broken down into 
several sub-tasks for indirect application 
of several automation features). 

2. the data (e.g. ATC instruction) could be 
entered directly without mental 
computation (e.g. compute reciprocal). 

3. the automation feature was labeled and 
visually salient. 

That is, an ATP certified pilot without 
experience using the automation could figure 
out how to perform the task using the 
automation by trial-and-error (under the 
assumption of shared terminology). 

A reformulate stage that required mental 
calculation of parameters, knowledge where 
the function was “hidden” in the automation 
displays, and/or a deep understanding of 
automation unique representations was 
classified as recall. 

An access step was classified as a recognition 
stage if the input device to access the feature 
was clearly labeled or prompted. Otherwise 



Table 1. The RAFIV steps for execution of the lateral route offset task on B777 (Honeywell, 
1995 page 3.4-28). 

Pilot d 

Step 

Clas 
5 .  

:ATC: "For t r a f f i c ,  

Reformulate 

Offset Active 
Route 1 by 20 
miles to the 
left 

RECALL: P i l o t  
must remember 
o f f s e t  i s  
manipulation 
of  the route 
(not legs) .  
Also, o f f s e t  
applies  only 
to certain 
portions of 
the route 
(e .g .  not on 
published 
STAR, etc ...) 

o f f s e t  20 mile: 

Access: 

MCDU Route 
Page 

Recoanition 
: Mode key 
labeled RTE 

the stage was classified as a recall stage. For 
example an appropriately labeled mode key 
or line-select prompt provided visual cues for 
a recognition classification. 

A format step was classified as a recognition 
stage if the format for data entry was 
displayed (e.g. labeled field, default values, list 
of options). If the stage required recall of the 
format, then the stage was classified as recall. 

An insert step was classified as a recognition 
stage if the location of entry was labeled. 
Otherwise the stage was classified as recall 
stage. 

A verifv and monitor steD was classified as a 
recognition step if the automation provided 

l e f t  of c u r r e n t  f 

Format : 

Type in the 
scratchpad 
<side L or 
RXdistance 
in nautical 
miles> 

REKXGL: P i l o t  
must remember 
format <side 
L or 
-distance>. 
Also, p i l o t  
must remember 
distance i s  
limited to 
99m. Error 
m e s s  age 
"INVALID 
FORMAT" 

~ h t p l a n "  (Infre 

Insert 

(1) LS 6R, 
(2) Execute 

Recoanition 
: LS 6R 
labeled 
"OFFSET 

lent) 

Verify ti 
monitor : 

Recoanition: 
ND provides 
good 
information 
to confirm 
the entry, 
and monitor 
the progress. 

feedback that confirmed the progress toward 
the task goals. Although the ND and PFD 
provide the major source of task feedback, 
this study limited analysis to the feedback on 
the MCDU. The step was classified as a recall 
step if the step required mental calculation of 
parameters, knowledge where the function was 
"hidden" in the automation displays, and/or a 
deep understanding of automation unique 
representations to verify and monitor the task. 

Frequency Criteria: 
Tasks were classified as frequent if they 
occurred at least once a month. Given a 
typical long-range utilization of a B777, a 
typical B777 airline pilot will fly 
approximately 10 legs per month. As a 
consequence, tasks were classified as frequent 
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How Tasks were Performed (Recall vs. 
Recognition) 

0% 
1 - I 2 IHTasks with one or 1 

more recall steps i 
.Tasks with ALL ' 

recognition steps 1 
I 

Figure 2. 75% of the tasks include at least one recall step. This places 
tremendous emphasis on memorization as a skill to get through training. 

if they occurred on average once in every ten 
flight legs. Tasks were classified as infrequent 
if they occurred once in every ten flights or 
more (i.e. less than once a month). 

Example RAFIV Analysis 

The RAFIV steps for execution of the lateral 
route offset task on B777 (Honeywell, 1995 
page 3.4-28) are summarized in Table 1. Row 
2 describes each RAFIV step for this task, and 
row 3 includes the RecalVRecognition 
classification for each step 

Results of Analysis 
A total number of 102 tasks were found in the 
airborne section of the Honeywell B777 
Pilot's Guide. A complete list of the tasks is 
included in Appendix A. 

There are three major findings. 

1. 75% of the tasks include one or more 
steps that require recall of memorized 
action sequences (see Figure 2). 

2. 60% of the tasks require recall for the 
R-efem-ulate step, 45% fnr the Access step 
(see Figure 3). 

3. 45% of the tasks are classified as 
infrequent (occurring less than once in a 
month of flying) AND require recall of 

memorized action sequences (see Figure 
4). 

Explaining Training Difficulties 
Seventy-six of the 102 tasks included one or 
more steps that require recall of memorized 
action sequences. The implication of this 
result is that 3/4 of the tasks cannot be trained 
to competence without mastering at least one 
memorized action sequence. This places 
tremendous emphasis on memorization as a 
skill to get through training. 

Furthermore, memorizing action sequences 
cannot be achieved simply by watching a CBT 
and/or with free-play on a simulator. 
Memorized action sequences require 
mnemonic devices and other memorization 
techniques to train effectively. Proficiency can 
only be obtained through drill and practice. 
Computer-based-training (CBT) devices and 
free-play simulators are not designed to 
effectively develop these skills. 

Figure 3 illustrates the breakdown between the 
RAFIV steps reliance on recall of memorized 
action sequences. The reformulate step, for 
60% of the tasks, required recall of the 
existence of the feature in the hierarchy of 
MCDU pages, a significant modification of 
the task into different or smaller sub-tasks, 
and/or mental computation of a parameter. 
Training of this skill involves explicit 
memorization of the mapping between ATC 
instructions and other pilot tasks to the 
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Breakdown of Recall Steps 
for Tasks with One or More Recall Steps 
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Figure 3. Memorization is required to perform the Reformulate and Access steps. 

features of the automation. Because this 
information is not saliently visual on the 
automation it must be trained explicitly. 

This result is a conservative estimate as this 
study considered only tasks that can be 
performed directly by the automation. There 
are many other tasks, which the automation 
can be made to perform, but these were not 
listed as such in the manual and therefore 
were not considered for the purposes of this 
investigation.. For example, the BASI report 
(1999, page 64) found that 42% of the pilots 
indicated that they are required to enter 
"workarounds" (intentionally incorrect or 
fictitious data) to ensure that the system did 
what they wanted it to do. This problem 
occurred more frequently when pilots were 
trying to comply with "difficult air traffic 
control instructions and to compensate for 
inadequacies during the descentlapproach 
phases of flight." 
Forty five percent of all tasks required recall 
to access the correct page. This is a 
consequence of the limit of using 1 1  mode 
keys to access features. There are two main 
classes of access mode keys, those that access 
functions, and those that access underlying 
representations that can be manipulated. The 
PROG, HOLD, DEP/ARR and ALTN mode 
keys provide access to functions for 
performing these tasks. The RTE and LEGS 
Mode Keys provide access to representations 
of the flightplan that can be manipulated in 
several different ways. Mode keys labeled with 
task names were considered Recognition. 
Mode keys labeled with representations of the 

flightplan generally were classified as Recall 
(unless the ATC instruction included the 
phrase akin to "route" or "leg"). For example, 
the fields that accept the entries for an offset 
to the lateral path are located on the RTE 
page. Pilots in training and line pilots were 
observed to access the LEGS page when asked 
to perform this task. (Fennell, 2002). Training 
of this skill involves explicit memorization of 
the navigation from mode keys and Line 
Select prompts through the hierarchy of 
MCDU pages. 

The format step also requires recall of 
memorized action sequences in support of 
entry of data whose format is not annunciated 
on the display. For example, programmed 
step climb points are entered with format 
"/<flightlevel>S." The absence of the slash or 
S will result in failure to complete the task. 
Most of the tasks classified as Recall for the 
format stage involved multi-parameter entries 
in which order, acronyms, and partitioning 
(e.g. "/") were required. The other format 
problems were with the use of acronyms. 
Training of this skill involves explicit 
memorization of the special case formats. 

The issues associated with format of entries 
are compounded by ambiguous feedback 
from the automation when there is a format 
error (e.g. INAVLID ENTRY or FORMAT 
ERROR). Pilots in the BASI report specifically 
cited these scratchpad messages as a source of 
confusion and suggested that they provide 
better feedback "to lead the pilot to the source 
of the problem." (BASI 1999, page 60) 
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Infrequent tasks with one or more recall steps (45%) are likely Figure 4. 
forgotten without recurrent training. 

The FMCMCDU had very few issues with the 
Insert step. Problems were the result of the 
absence of labels. For example, the location 
for insertion of the Direct To waypoint is not 
labeled. Training of this skill involves explicit 
memorization the special case insertions. 

As discussed in the methods section above, the 
Verification and Monitor step was limited to 
an analysis of the verification of acceptance of 
the pilot entries on the MCDU and did not 
include feedback from the PFD and ND. The 
FMCMCDU had very few issues with the 
Verification and Monitor step. Problems were 
the result of the absence of feedback of the 
status of the automation. For example, if an 
abeam point cannot be computed on the 
flightplan, the only feedback to the operator is 
the cryptic INVALID ENTRY message. 
Training of this skill involves explicit 
memorization of the responses to special 
cases. 

Explaining Operational Difficulties 
Forty-six tasks, (45%) were classified as 
infrequent (occurring less than once in a 
month of flying) and require recall of 
memorized action sequences. Without 
proficiency training there is a high probability 
that these skills, once trained will erode. Pilots 
flying-the-line are likely to experience 
difficulty in remembering how to perform a 

to be 

task that they have seen before but not used in 
recent months. These tasks must be retrained 
on a periodic basis to maintain proficiency. 

Discussion 
The results of this study have implications for 
the way this automation is trained, and on the 
way future generations of the automation 
should be designed and certified. It should be 
noted that the source of the tasks used in this 
study was the equipment manufacturer’s Pilots 
Guide, and these tasks include only those that 
the automation is directly designed to support. 
Tasks that are not directly supported by the 
automation, but which end-users may 
perform, were not considered. As a 
consequence, the percentage of tasks 
requiring reformulation is almost certainly a 
conservative estimate. In light of the source of 
task information, the following results are 
even more interesting. 

76 of 102 tasks (75%) required 
memorization of at least one step to 
complete the task. These tasks can be seen 
as contributing to the “drinking from a 
fire-hose effect” experienced by pilots 
during transition training (BASI, 1999; 
page 67) 
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Table 2. Specific skills to be emphasized for each of the RAFIV steps 

46 of 102 tasks (45%) are performed 3. provide schemas that support the transfer 
infrequently and require memorized 
actions sequences. This directly 

of training from one skill to the next 

contributes to the perceived gaps in pilot 
knowledge during line-operations and the 
desire for more training to maintain 
proficiency (ATA, 1999a). 

The results of this analysis provide an 
explanation for why pilots find the FMC and 
MCDU difficult to learn and difficult to use. 
Tasks performed using the FMCMCDU 
require a heavy reliance on memorized action 
sequences. This has implications for training 
and for line operations. 

Pilot Training of Existing Equipment 
The results of this study emphasize the need 
to provide pilots with a means of mitigating 
the issues that arise from the large proportion 
of memorized action sequences existing in 
current FMCMCDU designs. Based on the 
RAFIV model, proposed training programs 
should: 

1. provide explicit models of the skills 
required to perform tasks using the 
automation 

2. provide schemas that organize and make 
comprehensible these skills 

4. train the required memorized action 
sequences. 

The first objective of training is to provide 
explicit models of the skills required to 
perform mission tasks. A mission task is 
defined as a task which directly supports an 
operational goal (e.g. an air traffic control 
clearance). These are compared with other 
user tasks which a user must perform to 
enable the automation to operate correctly 
(e.g. entering preflight data in the 
automation). An example of a model that 
should be introduced and trained is the 
RAFIV model. It provides the foundation for 
organizing and remembering the procedures 
for specific tasks. Table 2 summarizes the 
skills for each step in the RAFIV process. 

The RAFIV model also provides the basis for 
schemas that organize and make 
comprehensible the required skills based on 
the general characteristics of the user- 
interface. Each step in the RAFIV process 
exhibits common skills and conventions 
across tasks. For example, the Access step is 
always performed via a Mode key or a 
prompted Line Select. The conventions 
associated with the Mode keys and the 
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conventions for accessing pages from 
prompted line selects can be explained up- 
front and reinforced throughout the training. 
Exceptions to these conventions should be 
identified explicitly. Novices will rarely 
discover these underlying common structures 
and are likely to treat two closely related skills 
independently and not take advantage of the 
transfer of skills between tasks, unless these 
common elements are explicitly identified and 
trained. 

As shown by this study there is a lot of 
information that must be memorized to 
become a skillful user of the automation. The 
training program must face this fact and make 
the memorization process as efficient as 
possible. For tasks that rely on visual cues, the 
explicit models must include information on 
where to look and how to recognize the visual 
cues. For tasks that rely on memorized action 
sequences, well designed training must 
support learning the memorization steps with 
appropriate mnemonics and appropriate drill 
and practice. Table 2 specifies the areas of 
specific emphasis required for each of the 
RAFW steps. 

Finally, the tasks themselves can be grouped 
according to the basic underlying structure of 
the action sequences. These tasks are then 
trained with incrementally increasing "grain 
size." The first task may be trained to criteria 
pointing out all of the components but not 
introducing the complete abstract schema. 
Then the second task, superficially different to 
the first task but sharing the same schema is 
trained by corresponding elements to the first 
task. One can then introduce the schema 
explicitly. The remaining tasks are then 
trained according to the underlying schema. 

Blackmon and Polson (2002) describe 
proposed training devices that merge three 
technologies to increase efficiencies in 
training: (1) part-task (desktop) simulators (2) 
cognitive tutors (Anderson, 1998), and (3) 
explicit task RAFN models that identify recall 
and recognition steps. The utility of these 
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ideas have been demonstrated by Polson, 
Irving & Irving (1994) and Sherry et al. 
(2001). 

Pilot Proficiency In Using Existing 
Equipment 
Pilot proficiency during line operations for 
infrequent tasks that rely on memorized 
action sequences can only be maintained 
through practice. This could be accomplished 
using the training approach described above. 
Fennel1 (2002) has proposed developing a 
curriculum that allows pilots to practice 
infrequently used skills during long-range 
cruise operations. 

Design and Evaluation of New 
Equipment 
New flightdeck systems should be designed 
with user interfaces that minimize the need for 
memorized action sequences. For frequent 
tasks, this will minimize training time. For 
infrequent tasks this will minimize training 
time and improve line operations 
performance. 

Based on this study, it appears that design 
engineers with no formal cognitive science 
training can use the RAFIV method to 
conduct cognitive usability analysis. 

A critical element of introducing the method 
is the definition, and use throughout the life 
cycle, of a master description of the mission 
tasks that the system is designed to address. 
Mission tasks that are not supported should be 
explicitly classified as such. All downstream 
process documents, code and tests must 
reference through a traceability matrix back 
to these tasks. 

Furthermore the specific design of the user- 
interface to maximize the cognitive efficiency 
can be developed through a process that is 
outlined below (Sherry, et. al., in work) 

1. Define the mission tasks 



2. 

3. 

4. 

5. 

6.  

Define the data required to perform the 
mission tasks 

Design user-interface elements for each 
task (including required data). This may 
include development of representations of 
the environment which can be 
manipulated (e.g. route) See Vicente 
(1999) for specific approaches. 

Organize these interface elements to 
maximize the efficiency for access and 
provide salient visual cues 

Provide salient visual cues (e.g. pull-down 
menus) for the formatting and insertion of 
all data 

Provide feedback of the state of the task. 
This is related closely with step 3. 

The vendors of avionics equipment have 
responded to demand for improved cockpit 
operations by implementing graphical user- 
interfaces. Graphical user-interfaces on the 
flighdeck do not inherently address the issues 
of Reformulation, Access, Format, and 
Insertion, although several of the features 
generally associated with graphical user- 
interfaces invoke the recognize (not recall) 
paradigm. These user interfaces exhibit 
strengths and weaknesses with respect to the 
RAFIV steps. 

Graphical user-interfaces can provide a more 
intuitive scheme for enabling pilots to 
perform mission tasks directly with the 
automation without excessive reformulation. 
Graphical user-interfaces also encourage 
visual representations of the environment (e.g. 
graphical flightplans). They provide the 
means for a “canvas” on which objects can 
be manipulated, and a “palette” of 
manipulations that can be performed. This 
can provide a user-interface in which 
representations of the environment are 
presented on the automation interface (e.g. 
aero charts on the Navigation Display). 
Additionally, if the objects in the user 

interface can be directly manipulated to 
reflect the clearance or pilot task, 
reformulation of the task is minimized. 

Wizards and dialogue boxes are alternative 
means for aiding the reformulation process. A 
task that is decomposed into sub-tasks can be 
managed by entries through a multi-step 
wizard. Likewise, Dialog boxes provide a list 
of entries for a given task. The HOLD page 
on existing systems is an example of a Dialog 
box. 

Access remains a problem even with graphical 
user-interfaces. The capacity of the available 
user interface space for access input devices 
(e.g. mode keys) could be quickly reached as 
the number of functions provided by the 
automation grows. Organizing tasks by task- 
type or manipulation-type requires the user to 
master a model of this organization. 

The application of pull-down menus, and 
dialog boxes, can significantly simplify and 
eliminate errors in the access, format, and 
insert actions. 

It should be noted that the success of any 
graphical user interfaces for the flightdeck lies 
in the abilities of the designers to understand 
the mission tasks and provide automation to 
support the pilot in executing these tasks. 
Once this has been accomplished, the design 
of the user-interface should address Access, 
Format and Insert issues. 

This paper discussed the use of a method to 
examine the quantity of memorized action 
sequences required to perform a sample of 
102 tasks, using features of the B777 MCDU. 
The analysis identified a large number of 
memorized action sequences that must be 
learned during training and then recalled 
during line operations. Seventy-five percent 
of the tasks examined required recall of at 
least one memorized action sequence. Forty- 
five percent of the tasks required recall of a 
memorized action sequence and occur 
infrequently. It has been proposed. that the 
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disproportionate number of memorized action 
sequences may provide an explanation for the 
difficulties in training and usage of the 
automation. 

This paper has also illustrated possible 
solutions to the FMCMCDU training and 
operational difficulties based on the RAFIV 
method. Future work will include evaluation 
of the potential of these solutions. 
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APPENDIX A 

RAFIV Steps for B777 Mission Tasks with RecallRecognition classification and FrequentJInfrequent 
Classification. All tasks were identified from Honeywell (1995) Boeing 777 Flight Management System Pilot's 
Guide. Honeywell Publication # C28-3641-22-00. 

Task 

No. 

Format Insert Verification Task Reformulate Access 

Notes on task RecalVRecognition of RecalVRecognition of Access RecalWRecognition of RecalVRecognition of RecalVRecognition 

Reformulate step step Format Step Insert Step ofVeriiication Step 

nitiate takeoff 
Dll 

ieduce thrust 

rom Takeoff 
hrust to Climb 
hrust at thrust 
eduction 
iltitude 

Advance throttles b Takeof 
EPR reference by 50 knts 
CAS. Pilot adv throttles 
slowly and smaothly to 
approx 1.05 EPR and allow 
EGT stabilize, then press 
TOGA switch. Once TMCF 
set thrst M and acspd 
reaches 80 knots, cntrl of 
thrttles is relinquished until 

NA 

Press THR button on MCP. 

If VNAV is not engaged, 
thrust is reduced at the 
thrust redudion altitude by 

pressing the THR button on 

the MCP. If VNAV is 
engaged, thrust is 

automatically reduced at 

the thrust reduction altitude 

$typically 1000' AGL). 

4dvance throttle levers I NA I EPRs advance, plus 

JA Press THR Button on FMA= THR REF, 
MCP verify target EPR. 

EPRs decrease, plu: 
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Zhange CRZ 1 Enter new CRZ Alt on CLB I VNAV Mode key (Prev or Next) I Type altitude into I 1L I MCDU page 

Delete Speed Delete Speed Transition 

Transition Altitude 
Altitude 

Allows 

airplane to 

accelerate 

above 250 
knots below 

10,mft 

VNAV Mode key (Prev or Next] 
changes. Also PFD 

r labeled i ~~ 

Recog: labeled 

TRANS 

- 
SPD Recog: 
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<speed>/<altitude> 
(Or speed restriction below 
speed restriction altitude) 

changes. Also PFD 

changes. Also PFD 

changes. Also PFD 
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uplink of wind 

for descent 

improves 

acwracy of 

predictions 

Request data uplink of wind 

for descent forecast 

LEGS Mode Key. RTE DATA> None 

prompt. 

6R 

I > . * *  - 
R & l I ! F M S h m  this. Rkf: Mode keyd'&not Recog: Prompt 
task oatad'efinedty refiecttaskor&ulatedtask labeled RTE DATA> 

imtmction;  unction not and prompt labeled 
visually salient. Wiyl data . WIND DATA 

can be uplinked from the REQUEST > 

FUE DATA page 

(but repetition) 

' 

12 Enter Wind Enter Wind data for descent LEGS Mode Key. RTE DATA> Type altitude as FL. 11-41 for altitude. 1 R - 
data for forecast at waypoints prompt. Select XR for wind for Type <direction in 4R for directiodspeec 
descent w t .  degreed<speed in 

forecast 

Wlnd data 
improves 
acwracy of 
predictions 

13 Fly to ATC 
Specified 

altitude 
crossing 

Enter Altitude constraint in 
flightplan at waypoint 

I knots> 

(but repetition) 

LEGS Mode key Type 
<al titude><Desinatin> 

Recog: Lamed 
DIWSPD 

1R-5R 

from procedures in 

MCDU page 

changes 

ReCOg: 

MCDU page 

changes 

Recog: 

MCDU page 

changes. 

ReCOg: 
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14 Fly to ATC Enter Speed wsntraint in 

flightplan at waypoint 

speed crossing 

16 I Intercept 1 Enter P/P value. Data is 
defined by instruction. 

Function is not visually 

17 Report Report Progress 
Progress 
(Check flight 
progress) 

UAL don't' 

train as displays all parameters 
specific task. 
Total distance 

matches 

expected .. In- 

Recog: FMS computes and 

time/distance 

to airport for 

Position Report 

LEGS Mode key Type <airspeed>/ 1 R-5R 

from procedures in 

Nav Data base 

LEGS Mode key Type DELETE using 1 R-5R 
DELETE key 

'&y&keydoesnd>'.? 
Recog: Key labeled Recog. predicted 

~ ~ o t r e f o m w l & d t a s k  DELETE values and values 
m-1 L from procedures in 

- . I  Nav Data base 

j -  

displayed 

LEGS Mode key Type P/P<heading> 1X before waypoint , 

desired for intercept ol 

inbound course 

Recog: lateral flightplan 

changes made on LEGS page P/P<heading> labeled 
1 Recall: Format - . 1 Recog: waypoints 

PROG mode key 

Recog: Mode key labeled with 
Pilot task 

None NOM? 

MCDU page 

changes. 

Recog: 

WCDU page 
hnges. 

vlCDU page 

Jlanges. 

tecog: 

'ROG title line on 

ACDU page 

kq~ :  Page labeled 

vith task 

'ROG Mode key None NOM? 
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Press USE promt LS 

reformulated task 

window have fixed 

Reag: Page labeled 
with task 

large font 

Recog; Change in 
size 

MCP Alt window 

changes, PFD At 
Bugs. ... 
Reag: Visual 

changes on MCP 
and PFD, ... etc 

Updated field, 

updated predictions 

Recog: Changes on 
LEePage 
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Enter offset on RTE page RTE Mode" key Type in scratchpad 
<side L or 

reformulated task 

~~ I Direct To I Move waypoint in first line IrEGS mode key Type Waypoint in LS 1L 

COURSE TO on LEGS 

rememberedandior 

memory. Also intercept 
mrse must be held in 

verify on ND 

Recog: Verify on 
ND. Offset displayec 

as WHITE dashed 
line on the ND. After 

execution, magenta 
line. 

Venfy on ND 

Recog: Venfy on NC 

verify on ND 

Recog: Venfy on ND 

Jerify on ND 
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req Only place 
used Pans. No 
limit for loss 
radio contact. 
Use track 

mode on 
MCDU (rare), 
puttrackonthe 
FIX page and 

track with 
MCP heading 

select. (also 
NAV RAD 

Page). 
confused with 
intercept to a 
COUISe. 

26 Copy route 

h q  Automation 
derived task 

ZI Modify CRZ 
ALT 

Automation 
derived task to 
improve 
accuracy of 
predictions. 
Change CRZ 
ALT especially 
when CRZ FL 
lowered (does 
nct 
automaticaly 
bump CRZ 

28 Modifycruise 
STEP SIZE to 

enaMe 

accurate 
predictions 

meq Automation 
derived task to 

improve 

accuracy of 

predictions. 
Not critical, 

cos does not 

d=Kle 

Naypoint followed by 
rmrse in It is enby for 

nshction. Function is 

rlOT visually salient. 

askDataisdefinedby 

Recog: I Recog; Mode key labeled for I 

performance adjusted on 
CRZ page 

supported by existing 

Enter desired step size on 

supported by existing 

for sure whether climb will 

occur and need to know fuel 

at destination. Recog: Crz 
profile and performance 

adjusted on CRZ page. 

Function supported by 

LS 4R 

Recog: labeled "RTE 
COPY 

Ls 1L 

Recog; labeled "CRZ 

ALT 

LS 4L 

Recog; labeled "STEP 

SIZE 

Recog: Venfy on ND 

Verify on RTE page 

Recog; labeled "RTE 
COPY COMPLETE 

Venfy entry on CRZ 

page 
Recog: Verify on 

CRZ page 

Venfy entry on CRZ 

page 
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much. 

VNAV Mode key (Prev or Next) 

29 Modfycriuse 

STEP TO 

altitude to 
enak 
accurate 
predictions 

ntreq Automation 
derived task tc 

improve 
accuracy of 

predictions 

None XJ AdivateENG 
OUT to enable 
VNAV. LNAV, 

LEGspage. 
predictions 

VNAV Mode key (Prev or Next) 

I- 
None 31 [: 

range Cruise 

VNAV and 
redictions 

w 

FMS. Data is defined by 
instruction. Function not 

visually salient. 

Enter desired altitude on 

C W  page 

Recall: Function supported 

by FMS. Data is defined by 
instruction. Function is 
NOT visually salient. Need 
baining to understand what 
this is and how it works. 
Recog: Crz profile and 
performance adjusted on 
C W  page 

Engine-out may be 
activated on CRZ page 

Recall: Fu& 'k by 
Engineoutmaybe 
3dV&?dOnCRZpage. 
M a  defined by i m .  

'unction NOT visually 

salient (unless by 
jcratchpad message) 

-RC may be activated on 

X Z  page 

iecall: Function is 
jupported by the FMS. 

lata is defined by 
nstrudion. Function is not 

iisually salient. Crr profile 

md performance adjusted 
M CRZ page 

LS 1R 

Recog; labeled "STEF 
rc 

LS 5R 

Recog; Labeled "ENG 
OUT" 

LS 6R 

~ ~~ 

Recog: labeled "LRC" 

Verfy on C W  page 

Venfy on CRZ page 
ND, ... etc. 

~ 

Recog: Lots of visua 
cues 

verify on CRZ page 
and PFD 

Recog: Venfy on 

PFD 
CRZpageandOn 
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nter Hold at Enter Fk 1n"OLD AT on 7 LS 6L der@ on ND and 

+OLD MCDU page 
iOLD Mode key Type waypoint into 

scratchpad (or pull 
down ident into 

task 

Recog: Labeled 
"HOLD AT" 

Recog: FMS supports the 

task. Data is defined by 

instruction. Function is 
visually salient. Holds are 

entered on Hold page 

Use Hold at PPOS function 
- 
nter Hold at 
'resent 
'osition 

HOLD Mode key LS 6R denfy on ND and 

iOLD MCDU page 

I 

Recog: Mode key labeled for 

task 

Recog: Recog: FMS supports the 
task. Data is defined by 
instruction. Function is 
visually salient. Holds at 
PPOS are entered on Hdd 

I 

?ecog: 

~ 

Use EXIT HOLD function HOLD Mode key LS 6R kit Hold Venfy on ND and 
PIOLD MCDU page. 
EXIT ARMED 
jisplayed in 6R 

Jnder certain 

Recog: FMS supports the 
task. Data is defined by 
instruction. Function is 
visually salient. Hdds at 
PPOS are entered on Hold 

page 
Enter QuadlRadial for Holc 

Recog: Recog: Mode key labeled for 
task 

LS 2L Type into scratchpad I HOLD Mode key Venfy on ND and 

HOLD MCDU page 
inter 

2uadRadiaI 
or Hold 

Recog: Labeled 
"QUADRADIAL" 

Recog: Mode key labeled for 
task 

Recog: FMS supports the 
task. Data is defined by 
instruction. Function is 
visually salient. All hold 
properties available on 
wpage 

LS 3L Verify on ND and 

HOLD MCDU page 
HOLD Mode key Type into scratchpad Enter Inbound Enter Inbound 

hrse /Tum Course/Distance for Hold 
Direction for 

Hold 

Recog: FMS supports the 

task. Data is defined by 
instruction. Function is 
visually salient. All hold 

properties available on 

Recog: Labeled INBD 

CRSlDlR 

Recog: Recog: Mode key labeled for Recog: Format 
task displayed withdefault 

entries <degrees>/cL 

lor R> 
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Enter LEG 
TIME for Hold 

Recog: Labeled Recog: 
SPDKGT ALT 

Enter LEG 
3IST for Hold 

LS 1R 

Znter Expect 
-urther 

3earance 
rime (EFC) 
or Hold 

Recog: Labeled LEG 

Inter 

$eedMtude 
iarget 
Constraint at 
Hold Fix 

HOLD MCDU pagc 

Recog: 

Enter 

SpeedlAltitude 
Target 

knstraint at 
iold Fix 

Recog: Mode key labeled for 
task 

Hold page 

Recog: Format 
displayed 

Enter LEG TIME for Hold 

Recog: Labeled EFC 

Recog: All hdd properties 
available on Hold page 

Recog: 

Enter LEG DlSTfor Hdd 

Recog: Mode key labeled for 
task 

Recog: FMS supports the 
task. Data is defined by 
instruction. Function is 
visually salient. All hold 
properties available on 
Hold page 

Enter Expect Further 
Clearance Time (EFC) for 
Hold 

Recog: Format 
displayed by 
predictions for exit after 
first hdd Salso standarc 
Zulu Time format) 

~~ 

Recog: FMS supports the 
task. Data is defined by 
Instruction. Function is 
tisually salient. All hold 
mperties available on 
iold page 

Enter Speed/Altitude Target 
knstraint at Hold Fix 

Recog: FMS supports the 
task. Data is defined by 
instruction. Function is 

visually salient. All hold 
properties available on 

Hold page 

Enter Speed/Altitude Targei 
Constraint at Hold Fix 

Type into scratchpad I HOLD Mode key 

Recog: Mode key labeled for 

task 

~~ 

Recog: Format 

displayed with default 
entries 1.5 mins above 

14,000' OT 1 .O mins I below 14,000' 

HOLD Mode key pyi into scratchpad 

HOLD Mode key Type into scratchpad 

HOLD Mode key Type into scratchpad 

task 

HOLD Mode key Type into scratchpad 

LS 4L -and 

Venfy on ND and 

LS 6L Venfy on ND and 
HOLD MCDU page 

LS 1R Venfy on ND and 
HOLD MCDU page 

Verify on ND and 
HOLD MCDU page 
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heq 

42 Remove 
ROUTE 

DlSCONTlUlT 

Ybefore 
exiting the 

HOLD 

Automation 

derived task to 
ensure validity 
of next fix 

waypoint from 
intersection 

flightplan and 

'1 
44 Create fixor 

waypoint from 
intersection 

behnreen 
flightplan and 
selected 

I distance 

6 Create fixor 

waypoint from 
intersection 

beheen 
flightpian and 

qecog: FMS supports the 
ask. Data is defined by 

nstruction. Function is 

{isually salient. All hold 

)roperties available on 

+old page 

Xemove ROUTE 

DlSCONTlUlTY before 
exiting the HOLD on the 

LEGS page 

Recog: Automation derived 
task to ensure validity of 
next fix. FMS supports the 
task. Data is defined by 
instruction. Function is 
visually salient. 

Create fix or waypoint from 

intersection between 
flghtplan and selected 
radial 

Recog: All Fix info is 
available on the FIX INFO 
page. FMS supports the 

task. Data is defined by 
instruction. Function is 
visually salient. 

Create fix or waypoint from 
intersection between 
flightplan and selected 

distance 

Recog: All Fix info is 
available on the FIX INFO 

page. FMS supports the 

task. Data is defined by 
instruction. Function is 

visually salient. 

Create fix or waypoint from 

intersection between 
flghtplan and selected 

radia Wdistance 

LEGS mode key I Type ldent into 
scratchpad 

Recog: Refmaulated task 

requires use of LEGS 

Recog: next waypoint 

on LEGS page or other 
clearance 

FIX Mode key Type radial into 

scratchpad 

scratchpad 

Recog: Mode key labeled for 

task 

I Recog: /<distance> 

FIX Mode key Type radiawdistance 

into scratchpad 

I 

Recog: Labeled 
SPD/TGT ALT 

LS 2L 

Recog: Labeled 
'THEN and boxed 

LS ZL, 3L, 4L 

Recog: Labeled 
"BRG/DIS" 

LS ZL, 3L. 4L 

Reag: Labeled 

"BRGIDIS" 

LS 21 3L, 4L 

Reag: 

Verify on ND and 
HOLD MCDU page 

Recog: 

Venfy on ND and 
MCDU FIX page 

Recog: 

Venfy on ND and 
MCDU FIX page 

Reag: 

Venfy on ND and 

MCDU FIX page 
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selected 
radiaVdistance 

Recog: Mode key labeled for 

task I Recog: 

Recog: All Fix info is 
available on the FIX INFO 
page. FMS supports the 
task. Data is defined by 
instruction. Function is 
visually salient. 

Show Fix on ND 

Recog: <3 digits Recog: Labeled 
ranging from OOO to 360 “BRGIDIS” 
degrees>I<distance> 

FIX Mode key rype ldent in I LSIL 
~~~ 

Verify on ND and 
MCDU FIX page 

Recog: 

Show Fix on 
ND 

Recog: Mode key labeled for 

task 

Recog: All Fix info is 

available on the FIX INFO 
page. FMS supports the 

task. Data is defined by 
instruction. Function is 
visually salient. 

Show ABEAM Point on 
Flightplan to FIX 

FIX Mode key Venfy on ND and 
MCDU FIX page 

ShOWAf3EAM 
Point on 
Flightplan to 
FIX 

~ 

Recog: All Fix info is 
available on the FIX INFO 
page. FMS suppohs the 
task. Data is detined by 
instruction. Function is 
visually salient. 

Compute fix crossing point 
for ETA 

Recog: Mode key labeled for 

task 
Recall: if an abeam 
point cannot be 
computedonthe 
flightplan INVALID 
ENTRY is displayec 

FIX Mode key rype ETA into 
mtchpad 

Verify on MCDU FI: 

page 

Compute fix 

xossing point 
for ETA 

Recog: Mode key labeled for 
reformulated task 

Recog: Recog: Fix crossing point 
can be computed for an 

ETA entry on FIX page. 
FMS supports the task. 
Data is defined by 
instruction. Function is 

visually salient. 

Compute fix crossing point 
for Altitude 

FIX Mode key Verify on MCDU FL 

page 

ampute fix 
mssing point 

br Altitude 

?ype Alhtude into 

Recog: Fix crossing point 

can be computed for an 

Altitude entry on FIX page. 
FMS supports the task. 

Data is defined by 
instruction. Function is 

Recog: Mode key labeled for 
reformulated task 

Recall: If predicted 

fix does not occur or 
the flight path displa! 
remains blank 
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r 
Frequency and 

waypoint 

51 lnhibn upto 2 

VORs in the 
Nav data Base 
from being 
used for 
Aircraft 
Position 
Computation 

Automation 
derived task to 
improve 

accuracy of 
FMS 
computations 

9 Inhibit upto 2 
VORSs, 
VORIDMEs, 
VORTACs, or 
DMES in the 
Nav Data bas 
from 
beingused for 
Aircraft 
Position 

computation 

lhq Automation 
derived task tc 

improve 

accuracy of 

FMS 

COfllputatiOM 

- 

isually salient. 

mk-up Frequency and 

aVLon ofwaypoint 

iecog: Navigation data can 
E accessed on the REF 
gAV DATA page. FMS 
upports the task Data is 
Iefined by instruction. 
-unction is visuallv salient. 

nhibit upto 2 VORs in the 
Vav data Base from being 
Jsed for Aircraft Position 
kmputation 

+?cog: Navigation data can 
3e accessed on the REF 
NAV DATA page. FMS 
supports the task. Data is 
defined by instruction. 
Function is visually salient. 

Inhibit upto 2 VORSs. 
VOWDMEs. VORTACs, 01 

DMES in the Nav Data 
base from being used for 
Aircraft Position 
computation 

Recog: Navigation data can 
be accessed on the REF 

NAV DATA page. FMS 

supports the task. Data is 
defined by innsbudion. 

Function is visually salient. 

NIT REF Mode key Type waypoint, naviad, 
airport ordestination 

iunway (in Nav Data 

scratchpad 

INlT REF Mode key Type naviad into 
scratchpad 

task 

s 1L 

ieccg: labeled 
DENT 

.S 5L and 5R 

iecog: Labeled VOR 
3NLY INHIBIT 

-S 4L and 4R 

- 

Verify on MCDU 
REF NAV DATA 

Page 

Recog; 

Verify on MCDU 
REFNAVDATA 

page 

Recog; 

Verify on MCDU 
REFNAVDATA 

Page 
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53 changeuseof 

VOWDME 
data for 
Aircraft 

Position 

Computation 

derived task to 

improve 
accuracyof 
FMS 
computations 

nfreq Automation 

3 SELECT 
DESIRED 
WAY POINT 
from 
duplicates in 
the Nav Data 
Base 

Automation 
derived task to 
improve 
accuracy of 

pilot entries 

55 Enter forecast 
wind speed 
and direction to 
improve 
accuracy of 

descent path 
and predictions 

derived task to 
improve 
accuracy of 

FMS 
computations 

ntreq Automation 

TRANSITION 

descent phase 

of flight from 

defualt FL180 
for VNAV 

Use VOWDME NAV 

ON/OFF switch 

Recog: Navigation data can 

be accessed on the REF 
NAV DATA page. FMS 
supports the task. Data is 
defined by instruction. 

Function is visually salient. 

SELECT DESIRED 
WAYPOIM from 

duplicates in the Nav Data 

Base 

Recog: MCDU displays 
page automatically if 
duplicates exist FMS 

supports the task. Data is 
defined by instruction. 
Function is visually salient. 

Enter forecast wind speed 
and direction to improve 
accuracy of descent path 

and predictions 

Adjust TRANSITION 

LEVEL for descent phase ol 
flight from defualt FL180 for 
VNAV guidance and 

predictions 

INlT REF Mode key 

Recog: Mode key labeled for 

task 

Automatically displayed 

following entry of ldent with 
duplicate in the Nav Data Base 

Recog: 

None 

uone 

mnnpt 

LS 6R Verify on MCDU 
REFNAVDATA 

page 

Recog: Labeled 
VOWDME NAV - 
OFF<->ON 

Recog: Labeled 

LS 2R - 5R Verify on MCDU 
DESCENT 
FORECAST page 
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FL180. Format for entry 

is F L 4  to 3 digits> 

I Descent), 5R FORECAST 

ind data I prompt 

itiate use MCP Selected Altitude MCP Altitude knob 

escent at T/D 

Dial altitude clearance 
into the window Altitude knob 

dial and push MCP 

Type CAS/mach in Ls 2L 
scratchpad I Change MadCAS values 

r CAS 

lerify on MCDU 
IESCENT 

'ORECAST page 

vlCP Alt window 
Anages, PFD Alt 

?e-: Visual 
Anages on MCP 
3nd PFD, . . .etc 

3ugs. ... 

MCDU page, PFD 

changes 

Recog: 
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Modify Speed Transition 

Transition (e.g. 

61 I M o d i  Speed I Modify Speed Restriction 

EZ Delete Altitude Delete Altitude constraint at 
constraint at 
next waypoint altitude constraint 
with an altitude 

next waypoint with an 

VNAV Mode key Type CAS/altitude 

VNAV Mode key Type CAS/altitude 

~~ 

VNAV Mode key DELETE in scratchpad 1 
VNAV Mode key None 

Recog: Labeled SPD 
TRANS 

4L 

Recog: Labeled SPD 
RESTR" 

1R 

3ecog: Labeled "AT 
waypoint name>" 

5R 

MCDU page changf 

Recog: 

MCDU page change 

Recog: 

K D U  page change 

WCDU page 

$anges. Also may 

jee changes on ND 
mil PFD 
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I 

Recog: Mode key labeled for 

reformulated task 

Recog: Labeled DES I Recog: 

MCDU page 

changes. Also may 
see chnages on ND 

DIR> 

O D  or VNAV Mode key. OFFPATH Type ICAO ident for 1L MCDU page I DES prompt in 6L waypoint in scratchpad 

Part of larger 

problem 
sdving task 

entries define format 

Recog: format 

displayed in 3L 
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Modify Speed Restrication VNAV Mode key. OFFPATH Type CAS/altitude 4L 
Restrication DES prompt in 6L 

~ 

MCDU page bang 

Recog: 

Return to ECON speed VNAV Mode key. OFFPATH None 
DES prompt in 6L 

MCDU page changc 
Also PFD and ND 

MCDU page changt 
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'FR Approach VFR Approach with LNAV DEP ARR Mode key 
rith LNAV and and VNAV I 
'NAV 

:ecog: Item in list 

:R 

~ 

!e-: Item in list 

R 

Lecog: Labeled 
rPPROACH 

UTERCEPT 

iR 

iecog: Labeled VFR 

4PPROACH 

ACDU page change 

ACDU page change 

JD Page change 

dCDU page change 

ID  page change 
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- -  

m Modify 
FPAngle for 
VFR Approach 

meq 

TI Createfixon 

Runway 
extension line 
at specified 
distance 

Runway 
Extension Fix 
imprtoves 
accuracy of 
predictions. 
Guidance ? 

78 Recapturethe 
optimum 

VNAV path 

with DRAG or 
THRUST 

Aircraft 
reaches limit 

speed (e.g. due 
to tailwind) and 

departsthe 
path, needs to 

add drag or 
thrust to retum 

pam 

79 select 
Atemate 

Airport 

m 

M o d i  FPAngle for VFR 

Approach 

DEP ARR Mode key Type FPAngle 

Create fix on Runway 
extension line at specified 
distance 

DEP ARR Mode key Type distance nm from 
runway threshold 

Recapture the optimum Find drag and thrust levers None 
VNAV path with DRAG or 
THRUST 

Recog; DRAG REQUIRED 
or THRUST REQUIRED 
messages. Data N/A. 
Function IS salient. 

prompt on RTElM, INlT 

REFIINDEX, FMC COMM 

MCDU Change 

Recog: Labeled FPA Recog: 

3R MCDU Change 

?ecog:LabeledRWY Recog: 
Xr 

dove I Aircarft trajectory 

X L  <A> or GEL> 

displayed next to 
selected airport 

Recog: LS ket selects 
,tern from list 
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m Manually enter 
Alternate 
airport 

"- I 
manually 

alternate 
airports from 

a Requestdata- 
link of 
preferred list oi 
alternates I- 

~~ 

Request data- 
link of Weather 
for alternate 

airport 

&i Display non- 
selected 

Alternate 

airports on the 
ND in Map 

~ 

Manually enter Alternate ALTN Mode key, or <ALTN Type airport ident into X L  
airport prompt on RTEl/X. INlT scratchpad 

REFIINDEX, FMC COMM 

REFIINDEX. FMC COMM 

Request data-link of 

REFIINDEX, FMC COMM 

Request data-link of ALTN Mode key, or <ALTN None 
Weather for alternate 
airport REFIINDEX, FMC COMM 

prompt on RTEIIX, INlT 

Recall: Automation 

supports this task. Data is 
defined by instruction. 
Function is NOT visually 

Recog: ALTN Mode key Recog: labeled 
cWXR REQUEST 

ARPRT Switch to ON 

lNOM 

Display non-selected EFlS Control Panel 

Alternate airports on the 
ND in Map mode 

Recog: contents of ND 

controlled by config of panel 

Large font 

- 

Recog: 

Airport ident 
replaced by on from 
Nav Data-base. 
Small font 

Recog: 

Label changes 

Recog: 

label changes 

?ecog: 

Alternate airports 
displayed on ND 

Recog: 
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nhibit airports 

7 Nav Data- 
M s e  from 
lisplay on 

Inhibit airports in Nav Data- ALTN Mode key, or <ALTN 
base from display on ALTN prompt on RTElIX. INlT 
page REFIINDEX, FMC COMM 

h d f y  route 
rom present 
mition to 
Elected 
Uternate 

DIVERT NOW ALTN Mode key, or <ALTN 
prompt on RTElIX, INlT 
REFIINDEX, FMC COMM 

Mete entire 

ist of Alternate 
iirports 

PURGE Alternate airport 

list prompt on RTElIX. INlT 
ALTN Mode key, or <ALTN 

REFIINDEX, FMC COMM 

Type ICAO ident I lCAo 

ident in scratchpad 

Recog: ICAo ident I ICP 
dent 

vone 

5R 

Recog: Labeled ALTF 
INHIBIT 

6R 

Recog: Labeled 
DIVERT NOW 

_ _ ~  ~ 

5R then CONFIRM 

Xecog: Labeled 

'URGE, then 

SONFIRM 

Change in MCDU 

page 

Recog: 

ND changes route to 
destination. 
Scratchpad 

=ge, 
DESCENT PATH 
DELETED (if 
descent path exists) 

Recog: 

Change in MCDU 

w 

Recog: 
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irect To Direct To selected 

?l&ed Alternate airport 
kernate 

rport 

ALTN Mode key, or <ALTN 

prompt on RTEIIX, INlT 
REFIINDEX, FMC COMM 

then DIVERT NOW prompt 

None 

ateral offset to Lateral offset to the current 
le current active route prompt on RTEIIX, INlT distance 

ctive route REFIINDEX, FMC COMM 
then DIVERT NOW prompt 

ALTN Mode key, or <ALTN Type side and offset 

dive route to Active route to diversion ALTN Mode key, or <ALTN Type diversion 
iversion waypoint prompt on RTEIIX, INlT waypoint ICAO ident in 

mypoint REFIINDEX. FMC COMM mtchpad 
then DIVERT NOW prompt 

w Enter Enter estimated Wind for ALTN Mode key, or CALTN Type direction in 
prompt on RTEIIX, INlT estimated diversion route 

Wind for REFIINDEX, FMC COMM 

diversion route then DIVERT NOW prompt 

degrees I magnitude 

DIVERT NOW prompt prompted. Valid entry 
direction in degrees, 
speed in knots 1 to999 

1L 

Recog: Labeled 
DIRECT TO 

a 

Recog: labeled LOO 
offset 

Recog: labeled 
OVERHEAD 

3R 

Recog: labeled WIND 

DlRlSPD 

3hange in MCDU 1 

3hange 3J in MCDU 

3hange in MCDU 

we 

?eaQ: 

Change in MCDU 

page 
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inter OAT for I Enter OAT for altitude 
~~ 

ALTN Mode key, or 4 L T N  
prompt on RTElIX, INlT 

REFIINDEX. FMC COMM 
then DIVERT NOW prompt 

Type altitude/ 
temperature 

4R Change in MCDU 

page iititude 

Recog: format 
prompted. Valid entry 
temp in degrees C 

Recog: labeled 
ALTIOAT 

Recog: Recog: ALTN Mode key, then 
DIVERT NOW prompt 

NAV RAD Mode key Type VOR or DME 

ident in scratchpad, or 
Type hquency/wrse 
in scratchpad. Item 

may be pulleddown 
from preselect 6L or 6F 

1LorlR Change in MCDU 

page 

-une VOR or Enter VOR or DME 
)ME identifiers, or VOR 

frequency/mrse 

Recog: NAV RAD mode key Recog: idents, 

frequency, course from 
charts or ATC 

Recog: Visual 
changes on MCDU 
and ND 

Recog: FMS supports this 
task - radios can be tuned 
via the NAV RAD MCDU 
page. oataisdefiinedby 
instruction. Function IS 

visually salient. 

Delete manually entered 
VOR, or DME idents, 
f?eq/mrse 

Recog: radios can be tuned 
via the NAV RAD MCDU 
page. Data is defined by 
instruction. Function IS 
visually salient. 

Enter CourseRadial 

Recog: Labeled VOR 

or DME 

NAV RAD Mode key Type DELETE key in 
scratchpad 

1Lor 1R Change in MCDU 

page 

ievert from 
nanual tuning 
3 Auto tuning 

Recog: NAV RAD mode key Recog: DELETE key Recog: Labeled VOR 
Dr DME 

Recog: Visual 
changes on MCDU 
and ND 

lisplay 
hurselRadial 
)f ND 

~ ~~~ ~~ 

Type course or VOR 

identhurse. Item may 
be pulleddown from 

preselect 6L or 6R 

2L or 2R NAV RAD Mode key Shange in MCDU 

3age 

qecog: NAV RAD mode key Recog: Label CRS 

and RADIAL 

~ 

3eiecog: Visual 

h a g e s  on MCDU 
and  ND 

Recall: 
cident>lcCourse> 

~~ 

2L or 2R VAV RAD Mode key Type DELETE key in 

scratchpad 
Shange in MCDU 

w 
lelete Display Delete manually entered 

)fCourse CRS 
iadial 

Recog: delete entry. Data is 
defined by instruction. 
Function IS visually salient. 

Recog: NAV RAD mode key Recog: DELETE key 3ecog: Label CRS 

and RADIAL 
3eemg: Visual 

hanges on MCDU 
and ND 
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- 
me ADF 

- 
une ILS-MLS 

Snter ADF frequency 

iecog: ADF can be tuned 
ria MCDU NAV RAD 
Bge. Data is defined by 

nstruction. Function IS 
risually salient. 

Enter ILS frequency and 
iont course, (or MLS 
hnne l  and azimuth) 

Recog: ILS-MLS can be 
tuned via the MCDU NAV 
RAD page. Recall: ILS 
Recievers are inhibitted 
from manual tuning when: 

(1 ) autpilot engaged 
localizer or glideslope is 
captured, F/D no autopilot 
and localiier/glideslope 
captured and below 5oop1 

RA, on ground and localize 
alive with airplane heading 

within 45 deg of loc front 
course and groundspeed 
greater than 40 knots. 
Manual tuning is restored 
when wither TOGA switch 
is pushed, Autopilot is 

disengaged and bot F/D aF 
off, or MCP Approach 

switch is deselected when 

airplane above 1500 R Dal 

is defined by instruction. 
Function IS visually salien 

- 
IAV RAD Mode key Type ADF frequency 

into scratchpad. Item 

may be pulleddown 
from preselect 6L or 6R 

frequencyhont course, 
or front course if 
frequency already 
entered, or MLS 
Channdazimuth in 
scratchpad. Item may 
be pulleddown from 
preselect 6L or 6R 

iecog: NAV RAD mode key Recog: format 

5L or 3R 

iecog: Label ADF L. 
4DF R 

IL or 4R 

3ecog: label ILSMLS 

Zhange in MCDU 

m 

iecog: Visual 
hnages on MCDU 
and ND 

~~ 

Zhange in MCDU 

w 

?e%: Visual 
aanges on MCDU 
and ND 



Enter 

Approachpage 
GW 

landing Ref modiied on 
APPROACH page 

Pilot entered 

GW are for 

approach 
reference 

speed 
computation 
only 

change 
Landing 
Reference JN- INlT REF Mode key 

Display VREF 

speeds on 
PFD speed 

tape 

3L 

, 

Recog: Labeled 
LANDING REF 
<QFE <->QNH 

Display 
localizer radio 
updating and 
localizer 
identifier for 

this approach 

MCDU page 

changes 

Recog: 

Enter Approach page GW INlT REF Mode key Weight in thousands of 

kilograms 

poundsorthousandsof 

Display VREF speeds on 

PFD speed tape 
INlT REF Mode key Down-select (or type) 

settinglspeed in 
speed or flap 

identifier for this approach 

1L MCDU page 

d.langes 

Recog: Labeled 
GROSS W 

4R I MCDU page 

Recog: Labeled Recog: 
FLAWSPEED 
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